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FREE-FLmH’r ImIm’IGA!rIoN AT TRANSONICAND supersonic SFEEm

OF TEE ROILING EFFECTI?ZENXSSOF A THIN, UNSWEPT WING

HAVING PARTIAL-SPAN AILERONS

By Carl A. Ssndahl

SUMMARY

An investigation of the rolling effactiveness at trsnsmic and
supersonic speeds of a thin, unswe~t wing having partial-spn ailerons
has been tie by me% of rocket-propelled test vehicles. The results
showed that with 4.6 aileron deflection, the only deflection tested,
the rolJing effactiveness decreased abruptly in the Mach number range
from about O .g2 to 0.97. At supersonic speeds the rolling effectiveness
was considerably lower then at subsonic speeds. The direction of roll
was in the correct sense over the entire Mach number range Investigated.

INTRODUCTION

In the comse of an investigation of wing-aileron rol.ling-
effectiveness characteristics at transonic end supersonic speeds being
conducted by the Pilotless Aircraft Research Division of the Langley
Laboratory, utilizing rocket-propelled test vehicles in free flight,
a thin, unswept wing having pertial-spsn ailerons was tested. The
wing tested had zero sweepback at the X-percent-chord line, an
aspect ratio of 4.0, a taper ratio of 0.5, and employed modified
symmetrical double-wedge airfoil sections of 4.6-Percent thic@ess
ratio normal to the x-percent-chord line. The ailerons had a cmstant
chord equal to 35 percent of the wing-tiy chord and extended over the
outboerd 25 percent of the wing semispan. Two identicel models having
4.60 aileron deflection were tested. The tests, which were tie ly
meens of the free-fl.igh~technique.described in references 1 and 2,
permit the evaluation of the wing-aileron rolling effectiveness over
the Mach number rsnge from about 0.6 to 1.8 at relatively lsrge sc~e.
The tests were made”during May 1948.
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2 NACA RM NO. L&20a

SYMBOIS

~ing-tip helix angle? r---- .—-—

rolling velocity, radians per second

diameter of circle swept by wing hips

flight-path velocity

drag coefficient %ased on the total,eqosed wing area of
1.563 squsre feet —
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deflection of eaoh aileron measured.in plane normal to chcufl
plsm sad.parallel to center line of test vehicle, degrees

.—

Reynolds numler %ased cm average e~osed wing chord of
0.546 feet —: ... . .. . . .. . .

Mach number

()
wing torsionel-stiffness parameter * .

concentrated couple ap~ied near wing tip.in.pL3ne parallel to
model center line and normal to wing chord

angle of twist produced b~ m at any section
‘in plane pemll.el to mdel center line md
chord plane, radisns

TEST WEUCLES AND TESTS

plane, inch-pounds ,

along wing E!pan
normal to wing

The Renerel arrmgement of the test vehicles Is shown in
figures l-and 2 snd ed~itional pertinent information is given in table 1.
‘I!hefuselage,which was constructed mainly of balsa wodd and pine, had a
plexiglass nose which contained a small radio.trmsmitter designated
wspinsonde.“ The tings were constructed of 2@-T alfium alloy. The
msamzred torsional-stiffnesscharacteristics bf two of “tiewings tested
are shown k figure 3. The degree & torsion~ stiffnqgs indicated by
the cumes of figure 3 has been shown by tests reported in reference 2
to %e sufficient to minimize the effects of wing twistigg so that the
main .aerodymmic .effects are not o%scured. The airfoil section parallel
‘Gothe test vehicle center Mne was derfved frcm a basic symmetrical

.

double-wedge section of ~-percent thickness ratio modiffed at midchord
with circular srcs to produce a thickness ratio of 4.6 yercent.
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. NACA RM No. L8G20a 3

‘-inch-wide slot -The aileron deflection was obtained.by cutting a 16.
in the wing along the hinge line to a depth of one-half the local
thiclmess. The aileron was then bent to the desired.deflection snd the
slot faired in. Calculations indicate that the chsnge in aileron deflect-
ion due to air loads did not exceed 0.2°.

The test vehicles were propelled by a two-stage rocket-propulsion
system to a Mach number of 1.9. During coasting fllght folJ.owingburnout
of the rocket motor, time histories of the rolling velocity produced b~
the ailerons (obtained with spinsonde radio eqtipment) and the flight-
path velocity (obtains&with Doppler radsr) were recorded. These data,
in conjunction with atmospheric.dataobtained with radiosondes, petit
the evaluation of the rolli~-effectiveness psmameter pb/2V as a
function.of Mach number. The drag coefficient of the test vehicles
was obtained by a.process.involving the graphic differentiation of the
curve of flight-path velocity against time. The scale of the tests is
indicated by the curve of Reynolds number
figure 4. A more complete description of
references 1 and 2.

I

The accuracy
following limits:

ACCURACY

of the test results was

pb/2V (due to lindtations on
pb/2V (due to l.imitatd.mson

%“”’’ ~””””=”””
M . . . . . . . . . . . . .

against Mach nmiber shown in
the technique is given in .

estimated to ke within the

model constructional accuracy). . . ~a.003
instrumentation). . . . . . ‘.-.. . ‘0.0005
. . .. . . . . . . . . . . . . ..0 w .002
. . . . . . . . . . . . . . . ..0 K) .205 —

It wilJ be noted, “aspointed o~t in reference 1, that, owing to We
relatively small m(xo,entof inertia about the roll axis, the measured values
of pb/2V are substantially steady-state values even though the test
vehicles wer”eexperiencing an elhnostcontinuous rolling acceleration and
deceleration. %cept for abrupt changes of pb/2V with Mach nwiber which
occur in the”Mach nuniberrange from about O.= to”0.97, the correction to
steady-state conditions Is estimated to be within 3 percent. Between
Mach numbers of 0.9’2to 0.$?7the maximum correction corresponding to the
maximum attained rolling acceleration of 60 radisns per second squsred,
asmming a damping-in-roll coefficient of 0.2, is 15 percent. The data
presented herein hays not been corrected for inm?tia effects.
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RESULTS AND DISCUSSION .

The results of the present investigation,‘obtatnedwith three-wing
configurations, are shown in figure 5 as curves of pb/2V md ~ as

functions of Maoh nuniber. UhpubHshed tests.of lihree-‘&d four-wing cm-
figuraticms have shown that, with mgaz%i to r@dlng-ef factiveness charac-
teristies, the interference effects between the wings are small.

As shown in figure 5, the ‘wing-edleron rgdling ef f activeness was
reduced abruptly in the Mach nmiber range f- about O.% to O.97. At
supersonic speeds the rold.ingeffactiveness is considerably lower thsn
at subsonic speeds. At the maximum Mach number attained (1.%) the
rolling effectiveness is about 15 percent of the effectiveness at.
lowest Madh nuniberfor which measurements were obtained (0.74). The
direction of roll is in the correct sense over the entire Mach number
remge.

Also shuwn In figure 5 is the variation of total hag coefficient
with Mach ntier for the two models tested. It should be noted that the
measured total drag coefficient is Influenced by interference effects —

and by the section angle-of-attack distribution caused by model rotation.
.

Langley Aeronautical Laboratory .
National Advisory Committee for Aeronautics

Langley Field, Va.
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TABLE I

GEOMETRIC CEMWTERISTICS OF TEST VXKK!IE

●

✎

Total exposed wing area, sq f% . . . . .

t

AsRct rat . . . . . . . . . . . . . .
Taper rati .. . . . . . . . . . . . . .
Swe@ack ‘X@ercent+hoYd line, deg
Aileron de ction, ba, deg . . . . . .

. .

. .

. .

. .

. .

Moment of
t

rtia about roll axis, slug-ft2
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aObtained by extending leading edge and trailing edge to
test vehicle.
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(b) Wing detail.
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